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Abstract 
Due to the strict discussions regarding energy saving and the goal to reduce CO2 emissions to 95 g CO2/km, specified for the year 
2020 (BUMD, 2009), there is a strong demand for lighter and lightweight design automotive structures to support the energy 
saving targets. In view of a holistic approach, and to prospectively meet the requirements of the automotive sector, economic and 
production-orientated aspects, as well as joining technologies within the scope of multi-material design must also be considered 
to achieve a great leap towards medium to large-scale production.  
To accomplish these goals, a comprehensive method for urban vehicle concepts with electric powertrain and their necessary 
vehicle structures is presented. The dimensions and packaging of the presented vehicle are based on demands of a future urban 
vehicle with a four-passenger capacity that includes baggage, steerable front system wheels and a rear axle with an electric 
powertrain. At the beginning of the method, the relevant user requirements, e.g. space for occupants and baggage and range for 
the urban vehicle, are defined. In addition, input variables are discharged through state-of-the-art electric vehicles. In this step, it 
is important to consider additional requirements, such as crash requirements or requirements for electrical components in the 
vehicle design. With the defined requirements, the package of the urban car has to be defined. Two paths are determined to 
a geometrically and a simulative way. The simulative consideration is limited to the vehicle longitudinal dynamics; thus, a rough 
dimensioning of the drive components is derived. The outputs of the simulation are the performance measures, which are 
converted into components for the overall model to dimension, for example, the electric motor or battery. 
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The geometric design phase begins with the positioning of the occupants in the passenger compartment and the ergonomic 
layout. Based on this conception of the complete vehicle, various FEM optimisations (topology, topography, size) are carried out 
for the body in white, in order to construct structures for individual (functional) components/modules. This top-down approach 
gives the opportunity to obtain constructive innovations, which must be integrated within this early concept phase, also to reduce 
costs when aiming to develop a series product. With this holistic approach, a load-specific optimised structural design is 
generated virtually and evaluated, and an outlook on dynamic loads (crash behaviour) is also given. The focus here is on the 
potential for innovations by the definition of novel package alignments in combination with the useful application of multi-
-material-design methods, resulting in a light modular vehicle structure. 
© 2016The Authors. Published by Elsevier B.V.. 
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM). 
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1. Research topic Next Generation Car (NGC) 
In the research project Next Generation Car (NGC) at the German Aerospace Center (Deutsches Zentrum für 
Luft- und Raumfahrt, DLR), in the programme topic of terrestrial vehicles, three different vehicle concepts are being 
developed according to the technical requirements and capabilities of 2025: Urban Modular Vehicle (UMV), Safe 
Light Regional Vehicle (SLRV) and Interurban Vehicle (IUV). The aim of NGC is to consolidate the technologies, 
methods and tools for the various vehicle concepts researched at DLR in the field of transport, to generate synergies 
and to demonstrate research results. The NGC project is divided into the following areas: Vehicle Concepts, Vehicle 
Structure, Energy Management, Drive Train, Chassis and Vehicle Intelligence (see Fig. 1).  
This paper will focus on the development and application of a holistic development methodology for vehicle 
concepts and body structures of the UMV, which is being developed at the Institute of Vehicle Concepts (Institut für 
Fahrzeugkonzepte) in Stuttgart, in the field of lightweight construction and hybrid construction methods. 
 
 
Fig. 1. Six research areas of the Next Generation Car (NGC) programme: Vehicle Concepts, Vehicle Structure, Energy Management, Drive 
Train, Chassis and Vehicle Intelligence for the three vehicle concepts: Urban Modular Vehicle (UMV), Safe Light Regional Vehicle (SLRV) and 
Interurban Vehicle (IUV)). 
Nomenclature 
NGC Next Generation Car 
UMV Urban Modular Vehicle 
DLR Deutsches Zentrum für Luft- und Raumfahrt, German Aerospace Centre 
CAD Computer-Aided Design 
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2. Challenge and motivation 
Due to the increasing electrification of the automobile in the future, there is now an opportunity to re-evaluate the 
vehicle concept and architecture of previous and current vehicles, and to develop something new ‘from the ground 
up’. In the development of vehicles with range extenders – from hydrogen-powered vehicles through to purely 
battery driven electric vehicles – this calls for the integration of new components, along with presenting new 
challenges to the overall vehicle design and overall packaging. In particular, the installation spaces of energy storage 
systems and engine components are changing with respect to combustion engine vehicles. The large volume 
components of combustion engines, transmission and exhaust gas systems (Fig. 2. a) are ceasing to exist, whereas 
other installation spaces, e.g. electric motors, power electronics and energy storage (batteries) are being added 
(Fig. 2 b).  
a)   b)  
Fig. 2. a) Example of a dismantled conventional vehicle with all the large volume components: engine, transmission and exhaust tract b) Body 
with large volume components of an electric vehicle: electric motors, power electronics and energy storage and the need to develop new body 
structures for these new requirements (Klangwald, Staat, 2015). 
As a result of the new components for electric vehicles, there are new requirements and modified boundary 
conditions for the vehicle concept and the vehicle structure. The development of a comprehensive method for the 
development of the vehicle concept and construction of the body structure for electric vehicles arises for this reason. 
3. Overview: Holistic development methodology for vehicle concepts and body structures 
The holistic development method being developed using an urban vehicle, by way of example, is divided into 
two main parts: ‘Development of the Vehicle Concept (Phase 1)’ and ‘Development of the Vehicle Body Structure 
(Phase 2)’ (Fig. 3).  
The Vehicle Concept Phase (Phase 1) begins with researching the vehicle concept parameters for electric 
vehicles. For this purpose, the various technical requirements for electric vehicles are studied. Based on studying 
state-of-the-art reference vehicles, various parameters such as the length of the vehicle, the electric range and the 
empty weight of an electric vehicle are analysed.  
The initial definition of certain concept-determining parameters, based on research as well as on input from 
mobility studies and boundary conditions within the framework of the NGC project, is consolidated in a first rough 
specification sheet. Subsequently, in the ‘rough conception’ stage, a geometric and a simulative overall vehicle 
investigation are carried out. In this case, the goal in a) the geometric step is to establish vehicle dimensions (the 
length from the front end, passenger compartment and rear section) and in b) the simulative step to estimate the 
dimensions of the main vehicle components (battery, electric motor, power electronics and range extender module). 
The dimensions of the components and the outer dimensions are combined, and a dimensional concept for a vehicle 
is derived from this. A suitable vehicle design can now be created. With the vehicle design and the dimensional 
concept, as well as the rough packaging, a parametric CAD model is developed. Using the parametric CAD model, 
various package configurations can be investigated in more detail. Using the example of the UMV vehicle, an 
optimal package is created by applying the development methods acquired at the end of Phase 1. 
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At the beginning of Phase 2 of the development method ‘Development of the Vehicle Body Structure’, two basic 
vehicle forms are defined: V1 (with tunnel, double bottom and seat crossmembers) and V2 (only with double 
bottom), for the Phase 1 package, using parametric CAD models. Using topology optimisation, in the second phase, 
the basic vehicle forms are examined for global load paths. By comparing state-of-the-art vehicle bodies and the 
approaches from the load path analysis, vehicle body concepts for the two basic vehicle forms are subsequently 
developed and constructed virtually. In order to be able to evaluate the body structures, simple static simulations 
(torsion and bending) are carried out on both vehicle bodies. Subsequently, body variant V2 is described in more 
detail as the most promising solution. From the V2 body, a component is then constructed as a prototypical example 
and validated. As the final step, an overall assessment of the concept is carried out.  
Some of the methodology steps are explained in more detail in the following chapters. Given the level of 
complexity, describing each step in detail is not viable. 
 
Fig. 3. Holistic development methodology for vehicle concepts (Phase 1) and body structures (Phase 2). 
4. Phase 1 - Development of the vehicle concept for an electric vehicle  
4.1. Study of vehicle concept parameters 
The main parameters determining the vehicle concept are listed in Fig. 4 (customized version from Braess, 
Seiffert, 2013). From the figure, it is clear that most parameters are closely related to the package of the vehicle and 
thus also affect the vehicle body. Therefore, in Phase 2 of the development method, the vehicle body structure is 
specifically designed to handle the changed requirements for the bodies of electric vehicles. 
 
Fig. 4. Collection of vehicle design parameters. 
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Some boundary conditions and requirements for electric vehicles to create the first rough specifications (Table 1) 
for an urban electric vehicle are described below. For this purpose, the range requirement is quantified below as an 
example. 
Table 1. First rough requirements. 
An example of first rough requirements 
forthe Urban Modular Vehicle 
Unit Minimum (MR), Fixed (FR), 
Range (RR), Goal 
Requirements (GR)  
Data 
Seats [-] FR 2 + 2 
Electric driving range [km] MR 200 
Time for acceleration to 100 km/h [s] MR 12 
Maximum velocity [km/h] FF 140 
Empty weight without battery [kg] GR 850 
Drag coefficient Cw and Frontal area Aw [m²] GR 0.25 × 2.2 
Type of drive [-] FR Electric 
Energy content of the battery [kWh] RR 12–26 
Power of the electric motor [kW] RR 60–80 
Crash requirements [-] FR 100%, 40%, 25% front crash, pole crash, 
IIHS-side crash, 100% rear crash 
4.1.1. Electric range 
A critical parameter for the modified requirements of electric vehicles is the range that the vehicle can cover on 
a single full battery charge. In conventionally powered vehicles, this plays a minor role. In small, gasoline-powered 
cars, for example, the tank content is about 35 litres gasoline, which is sufficient for an average range of up to 
538 km [Alexander Bloch, 2011]. Market research conducted up to 2014 into state-of-the-art electric vehicles 
indicates an average electric range of 160 km (Fig. 5). 
 
Fig. 5. Electric driving range [km] of state-of-the-art vehicles of vehicle classes A, B, C [2014]. 
From various mobility studies, it can be determined that the average daily distance travelled per person per day is 
approximately 43 km (Follmer, Gruschwitz, Jesske, Quandt, 2010), or about 50 km (Gnann, Plotz, Zischler, 
Wietschel, 2012). The range of state-of-the-art electric vehicles is therefore perfectly suitable to fulfil a large part of 
the travel distances. However, market acceptance of electric vehicles is not very high due to their low range and 
relatively high purchase prices. Based on research, a minimum range of 200 km (160 km + 25%) is defined for the 
UMV. The remaining values in the rough specification sheet are also investigated on a ‘state-of-the-art basis’ and 
serve as an initial guideline – e.g. the output power of electric motors, which for the urban concept is in the range of 
60 to 80 kW. 
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4.2. Vehicle conception 
With the first parameters, which are established in the rough specification sheet (Table 1), the vehicle conception 
phase begins with the simulative, and subsequently, the geometric examination. In the simulative examination, the 
components (battery, electric motor, power electronics, cooling) are dimensioned using the driving resistance 
equation (Fig. a), and the volume and mass are derived for the geometric examination. The procedure is explained 
below using the example of the electric motor. The energy simulation of the vehicle resulted in a power output of 
70 kW. In order to be able to derive the mass and volume for the electric motor, literature data for various electric 
motors was combined and a function was derived. The output data is shown in Fig. 6. b). The mass and volume for 
the electric motor is estimated from this. 
a) b)  
Fig. 6. a) Driving resistance equation for the simulation of the drive component performance, b) Power of different electric motors. 
In the geometric examination, the vehicle is analysed in three-box form (Fig. 7). The length of the front section of 
the car L104 + radius tyre is dimensioned by means of a simplified energy examination on a state-of-the-art basis. 
The front body length measures approximately 800 mm from the vehicle front to the end wall (Fig. 7 a). Various 
seat configurations are examined for the length of the passenger compartment (Fig. 7 b). The classic 2 + 2 seating 
arrangement – one behind the other – was selected. On the basis of the studies, the length of the passenger 
compartment was set at approximately 2270 mm. The studies on vehicle dimensions were continuously compared to 
state-of-the-art vehicle data, such as the dimensional concept of the VW Up! Refer to (Fig. 7. b). The length of the 
car rear L105 was determined by two parameters: the rear crush length and the boot volume, which amounted to 
L105 ≈ 540 mm (Fig. 7 c). 
a)  
b)  
c)  
Fig. 7. Study for first rough dimension of a) Front End structure with energy analysis b) Passenger compartment with ergonomics analyses 
c) Rear End with energy analysis and boot dimensions. 
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Below, the volume of the components derived from the simulative studies are combined with the dimensions 
from the geometrical examination. Fig. 8 a) and b) show a schematic illustration of the combined components. The 
dimensional concept (Fig. 8 c) was developed from this to generate an exterior vehicle design (Fig. 8 d). 
a)  b)                                                                
c) d)  
Fig. 8. a) Package study b) example of package study c) vehicle dimension d) vehicle design. 
4.3. Parametric CAD-vehicle space model and package study 
With the design of the outer shell of the vehicle, an installation space model (Fig. 9 a)) is generated. The 
installation space model is created so that various types of basic vehicle shapes and various vehicle floor 
configurations can be displayed. Fig. 9 shows some examples: b) three-door with high transmission tunnel, seat 
crossmember and reinforcement in the B-pillar area; c) five-door with high transmission tunnel and seat 
crossmember; d) five-door without a tunnel, only double bottom. 
 
a)  
b)  c)  d)  
Fig. 9. a) Parametric CAD-vehicle space model, different configurations: b) Five-door with tunnels, double bottom with seat crossmembers 
c) Three-door with B-Pillar d) Five-door with a double bottom. 
Various detailed package investigations were conducted using the parametric CAD model of the vehicle. Fig. 10. 
a) shows the configuration of six different arrangements. These are qualitatively assessed according to various 
criteria (Fig. 10 b)), for example: range, driving characteristics. Configuration II) was determined to be the best 
package. The energy storage in the double floor – and partially in the tunnel – can be found here; the electric motor 
is located near the wheels on the rear axle; the cooling module is located at the front. 
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a)  b)  
Fig. 10. a) detailed package investigations b) review of different package studies. 
The concept development phase (Phase 1) is completed with the assessment of the package. The package and 
installation space model are passed on to the body development phase (Phase 2). 
5. Phase 2 – Development of the vehicle body structure for electric vehicles 
5.1. Load path analysis 
The vehicle body structure development phase starts with the selection of the basic vehicle shape and the vehicle 
floor concept. Two configurations are examined in this respect (Fig. 11):  
 
x V1: Five-door with tunnel, double bottom with seat crossmembers. This vehicle floor concept offers the 
maximum available space in the installation space model and uses the classic arrangement, as in a combustion 
engine vehicle. 
x V2: Five-door with double bottom. This vehicle concept offers a new sense of space as well as improved space. 
 
The package is assumed from Phase 1: energy storage in the double floor/tunnel, electric motor near the wheels 
on the rear axle and cooling module in the front. 
 
Fig. 11. Selection of the basic vehicle shape and floor concepts, V1 Five-door with tunnels, double bottom with seat crossmembers, V2 Five-door 
with a double bottom. 
The space models V1 and V2 are examined in the next step of Phase 2 using the topology optimisation on global 
load paths. The aim is to analyse the global load paths that arise on account of the new package boundary conditions 
for electric vehicles. Fig. 12. shows the requirements for the topology optimisation. Nine crash load cases and three 
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static load cases were defined (Fig. 12. a)): 100%, 40% 25% front crash, Pole crash side, IIHS side crash, 100% rear 
crash, 100% front crash rigid wall, Bumper test front, Bumper test rear, Torsion, Bending and Roof impression test. 
The chassis concept (Fig. 12. b) provides a classic McPherson suspension strut in the front and an electrically 
powered twist-beam rear axle (similar to the electric twist beam ZF [ZF Friedrichshafen]). The applied load cases 
are introduced as static elements in the optimisation model in Fig. 12 c). The masses of the packages are integrated 
through mass points (Fig. 12 d)); the structure, as well as the exterior and interior masses, is distributed on the 
installation space model. 
a)  b)                    
       c)        d)  
Fig. 12. a) Crash and static load cases b) Chassis configuration: Front McPherson Strut, Rear Twist-beam axle c) Optimisation model with 
boundary condition elements as static d) Parametric optimisation model with mass points. 
5.2. Engineering Design 
A body structure concept is developed for V1 and V2 respectively (Fig. 13 c) from the respective results of the 
topology optimisation with the optimisation target for minimum stiffness (Fig. 13 b). The construction of state-of-
-the-art vehicle bodies is taken into account for the construction of the car body. 
a)    b)     c)  
Fig. 13. a) Space model, V1 Five-door with tunnels, double bottom with seat crossmembers, V2 Five-door with a double bottom, b) Topology 
optimisation for global load path finding of V1 and V2, c) Body in white V1 and V2. 
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5.3. Optimisation and Simulation 
In order to assess the body concept, static simulations (torsion and bending) are carried out on both bodies. 
Fig. 14. c) shows the forming image in the first intrinsic torsional frequency. For V1 this is about 34 Hz and for V2 
it is about 46 Hz. Compared with the state-of-the-art vehicles (Fig. 14 b)) (EuroCarBody, 2013), the concept bodies 
are already well situated. 
a)    b)  
Fig. 14. a) Simulation of torsion eigenfrequency b) comparing of state-of-the-art bodies (EuroCarBody, 2013) and the DLR concept. 
6. Conclusion and outlook 
With the holistic development method, in the main areas of ‘Development of the Vehicle Concept (Phase 1)’ and 
‘Development of the Vehicle Body Structure (Phase 2)’, the new requirements and boundary conditions of electric 
vehicles were systematically analysed and used for the development of new body structures. Given the variation in 
the shape of the vehicle floor, two different body structural concepts were generated. 
The body structure variant V2 is described in further detail as a promising solution for the project. Using 
multidisciplinary optimisations, various studies are conducted on the body. The structural components are designed 
with the selected load case, pole crash. The pole crash was chosen because it is the decisive load case for the floor 
structure. A partial floor area is constructed and tested as a prototype. Lastly, an overall assessment of the 
development chain is carried out on the V2 concept within the NGC research project. 
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